Biological bases in creation of transgenic living forms are an urgent task of modern science. Transgenesis is seen as essential part of future biotechnology involved in development of various fundamental and applied issues. One of such promising directions of biotechnology is production of transgenic chickens-bioreactors (1) (2) (3) (4) (5) (6) .
Significant physiological differences between birds and mammals suggest a clear advantage of birds as a productive platform for synthesis of recombinant proteins with a complex structure: birds are immunoresistant to potential therapeutic proteins (eg, human erythropoietin) the expression of which may adversely affect the health of transgenic mammals in commercial production of such substances. Along with it, using transgenic birds as a productive platform significantly reduces the cost of resulting product compared with variants of microbial fermentation Escherichia coli, yeast, or mammalian cell culture (7) .
A conventional method of producing transgenic animals (microinjection of DNA into the pronucleus of zygote) is ineffective in poultry, which necessitates alternative approaches for the transfer of exogenous DNA, such as the use of genetic constructs based on recombinant retroviruses. Their capacity for target delivery of foreign genes in dividing cells is quite relevant for transformation of embryonic cells in poultry, in particular chickens, since a hatched chicken egg contains an embryo developed by the stage of 50-60 thousand cells.
In this regard, the purpose of this work was studying the efficiency of transfer of recombinant DNA into chicken embryos in vivo with the use of different expressing retroviral vectors, performed as a preliminary stage in development and optimization of the technology of producing transgenic poultry.
Technique. Two gene constructs were introduced into chicken embryos -pLgfpSN and pLNCgfp designed based on retroviral vectors pLXSN and pLNCX, respectively (8) . The constructs contained the following cis-acting elements of retroviral genome: 5-and 3-LTR (U3-R-U5); tRNA primer binding site (PBS, site of initiation of minus-strand DNA synthesis); -region and fragment of gag gene (sequences responsible for dimerization and packaging of viral RNA); sd (splice donor site); polypurine tract (PPT, site of initiation of plus-strand DNA synthesis). To ensure the constructs' capability for selective introduction into cells of the packaging line, there was integrated the gene for resistance to the chemical analog of neomycin G418 (neo); its transcription was controlled from either the retroviral LTR (pLNCgfp), or from the promotor of early virus genes SV40 (pLgfpSN). In pLgfpSN gene construct, the marker gene GFP was subject to the control of Mo-MuLV promoter, in pLNCgfp -the promoter of human cytomegalovirus immediate early genes (CMV-IE). The vectors were packed with two lines of packaging cells -GP+envAM12 and PT67 (9, 10) . Both these lines were derived based on mouse NIH 3T3 fibroblasts and differed in type of the produced env-proteins responsible for recognition of surface receptors on target cells.
A source of viral gene constructs was a virus preparation with the titer 9½105 cfu/ml. The constructs were injected into the dorsal aorta of 2,5-day-old chicken embryos (2 microliters per embryo) using capillary mikropipet Transferpetor ("Sigma", USA). The efficiency of transformation by retroviral vectors was determined in 5-and 15-day-old embryos by the presence and expression of GFP gene. The presence of GFP gene was identified by PCR of DNA derived from embryos by high salt extraction (11) . The expression of GFP gene in embryos was evaluated in cryostat tissue sections by the presence of specific fluorescence ("Nicon" microscope, Japan; filter 480-490 nm). The cryosections were prepared according to a conventional method (12) .
Results. The efficiency of embryo transformation varied depending on the used genetic construct and the line of packaging cells. The minimal impact on embryogenesis of chickens was observed in variants with gene constructs introduced with rT67 packaging line: the development of embryos was observed in 70-73% cases. In variants when gene constructs were introduced in chicken embryos with GP+envAM12 packaging line, embryonic mortality was 3-13% higher (Table 1 ). There were no significant differences in effects of the used gene constructs on chicken embryogenesis. 11,8 9,1 П р и м е ч а н и е. Метод введения вирусного препарата, содержащего конструкцию, -в дорсальную аорту. Частоту интеграции (%) определяли как отношение числа полученных трансгенных эмбрионов к числу развившихся, эффек-тивность трансгенеза (%) -как отношение числа полученных эмбрионов к числу инъецированных.
High efficiency of genetic transformation of chicken embryos was provided by the genetic construct pLNCgfp: the proportion of transformed embryos relative to the total number of injected ones amounted 46,7%. In the variant with the gene construct pLgfpSN the parameter was 13,3-37,6% lower and ranged from 9,1 to 33,4%.
In these experiments, the use of GP+envAM12 packaging line resulted in 2,8-13,3% higher frequency of integration of the recombinant DNA and higher efficiency of transgenesis compared with the line rT67.
Studying the efficiency of transfer of recombinant DNA in chicken embryos on the 5 th and 15 th day of development, it was revealed the decline in proportion of transgenic embryos with increasing time of incubation. Thus, for the gene construct pLNCgfp, the percentage of transgenic embryos on the 5 th day was 46,7%, and on the 15 th day -18,8% from the total number of treated embryos. A similar trend was found in variants with the gene construct pLgfpSN: from the 5 th to the 15 th day, this parameter decreased by 20,9-21,5% depending on the used line of packaging cells. Such decline in number of transgenic embryos with increasing time of incubation indicates the influence of transgene expression on embryogenesis.
Topographical analysis of integration patterns showed that the highest rate of transformed organs and tissues (42%) was observed in cases of using the gene construct pLNCgfp and the packaging line GP+envAM12 ( Table 2) . Expression of the reporter protein was detected primarily in the liver, heart and muscle tissue. In the variant of the gene construct pLgfpSN and the packaging line rT67, the efficiency of transformation of organs and tissues was 11% lower and amounted 31%. The expression of GFP gene in organs and tissues of 5-and 15-day-old chicken embryos is shown in Figure (see insert) . Thus, experiments on the transfer of recombinant DNA into chicken embryos in vivo suggest good prospects in the use of retroviral vectors for genetic transformation of embryonic cells and obtaining transgenic poultry. High efficiency of transgenesis (18,8%) was observed in the variant of using the gene construct pLNCgfp and the packaging cell line GP + envAM12.
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